Introduction
The concept of A few of the subsystems peculiar to H operation will now be briefly discussed.
Ion Source
The H ion source from which the ZGS started 6 operation in October is a tandem acceleration source in which positive ions are extracted from a hydrogen plasma at ground potential and accelerated to 20 keV, The accelerated beam enters into a charge exchange cell (Fig. 1) collision with the target gas which consists of the H2 outflow from the plasma source. Gas flow into the source is continuous, but the outflow is pulsed at a 30 Hz rate by a rotating gas shutter valve. The space charge of the positive ion beam entering the charge exchange cell is neutralized by free electrons produced by ionizing collisions of beam particles with target gas molecules. H ions emerge from the charge exchange cell and are accelerated through a second gap. Some heavy negative ions are also created due to impurities in the arc plasma. This change increased source current to 33 mA from 15 mA. About 70% of this was full energy H . As installed in the 750 keV terminal, with its slight aperture restriction and the necessary electron traps, the source has delivered 27 mA to the linac. As Fig. 2 shows, a nicely shaped 5 00 0i s wide puls e with a 7 mA peak is carried through the linac to 50 MeV. The scheduled downtime, however, is increased with the H source. A rather heavy gas load of about 0. 13 Torr-l/s is pumped with a titanium sublimation pumping system. The titanium slugs must be replaced every two weeks. This necessitates a twentyfour hour shutdown.
Foils and Foil Handling
The problem of foil making and remote exchange of broken foils has now become a new concern of accelerator operations.
The poly-paraxylene foils are made from a commercially available powder. This powder is vaporized, then vacuum deposited on a 6 in x 7 in glass plate. This plate must be very clean and treated with mold release before foil deposition. The foil maker watches its formation through a viewing port and determines the approximate thickness by the color of its reflected light. Finished foils are later checked with an interferometer for exact thickness. The ''eyeball" treatment is usually correct to within 10%.
Removing the foils from the glass plate without tearing them is a tricky business. A high humidity atmosphere helps to make this procedure easier. Sometimes condensed breath on the foils or use of an ion gun helps by removing the static charge. The foils are attached to the foil holder with distilled water as the adhesive. A small amount of cleaning detergent is usually added to the water. Foils 2000 A thick can be made and mounted with about a 50% success rate while the success rate for 3000 A foils rises to 90%.
A schematic of the foil exchange mechanism is shown in Fig. 3 . The foil exchange process is controlled from the main control room and viewed via television. The exchange sequence begins with the new foil magazine moving into the center of the vacuum chamber from its retracted position. When it reaches the center it signals the arm to swing in an arc as shown. The arm is mounted on a springloaded eccentric in such a way that when its circular motion is rigidly stopped by hitting the foil magazine carriage the spring tension is overcome and the eccentric revolves. The eccentric action creates a motion which is nearly perpendicular to the circular path it has previously followed. As the arm continues to move along this new axis, a clever arrangement of pins, springs and inclined planes disengages a set of pawls and drops the spent foil into a retaining basket. As the linear motion of the arm continues, a new holder is captured in the pawls and a signal from a limit switch is sent to reverse the arm drive motor and bring the arm with a new foil back to its operating position. Of course, the magazine is withdrawn from the beam path also. The time required to exchange a foil and resume operation is about five minutes. Figs. 4, 5 and 6 show various views of the foil and foil changing mechanism.
The foil holder is a 4-3/4 in x 6 in aluminum fork as shown in the inset of Fig. 3 . The foil is 2 in wide while the beam at this point has a half width of about 3/4 in. When bombarded with beam the tension in the foil increases substantially. We have found it increases foil life to avoid rigid suspension at both ends. A 1 g captured weight is attached to the bottom of the foil, thus tending to keep tension constant and stretching to a-minimum. Most of our operation has been with either 2600 A or 3200 A foils and there is no noticeable difference in lifetime between the two Foil holding arm moving. A machine study on foil thickness versus stripping efficiency and multiple scattering was carried out.
Foils of 1800, 2600, 3200, 4800, 7500 and 14, 000 A were used in the study. The stripping studies yield useful data which indicated 100% stripping at 4800 A, 95% at 3200 A, 92% at 2600 A and 80%o at 1800 A.
Machine studies of beam growth as a function of foil thickness have been attempted. The results were inconclusive. Acceptable operation has been carried out with foils as thick as 7500 A. Of course, the ZGS has a rather generous 5 in vertieal aperture. The machine space charge limitation also tends to mask scattering effects. Since foil thickness is not tightly coupled to either foil life or acceleration efficiency, 3200 A was chosen as the standard thickness. This thickness has a high production yield and can be handled successfully during installation in the accelerator.
Conclusion
H operation has become the standard high intensity mode at the ZGS. Experimental trade-offs between injection time and space charge limitations are being explored during HEP operation in an attempt to maximize intensity. The potential benefits from H operation will vary with each accelerator. All gain from filling phase space better, but a machine with a 40 mA limited linac such as the ZGS gets more benefit than most.
